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[57] ABSTRACT 
A double directional image development HUD includes 
a combiner having individual spectral distributions per 
fectly separated from each other, wherein the image 
displayed on an LCDU is formed using green light with 
a sharp spectral distribution and using another color 
light with a different wavelength, and wherein light 
beams projected from the LCDU onto a combiner are 
perfectly divided into two beams, i.e., a re?ection light 
beam and a transmission light beam both of which are 
perfectly separated from each other, thereby obtaining 
a clear projected image to be observed by the observers 
inside and outside the combiner without any contamina 

’ 11011. 

8 Claims, 8 Drawing Sheets 
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DOUBLE DIRECTIONAL IMAGE DEVELOPMENT 
HEAD-UP DISPLAY OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a head-up display 

system, and in particular to a head-up display system in 
which there are displayed image data individually, 
which are the same or different, on both sides of a com 
biner provided in a part of an upper portion of a glass 
window or door of a bus, train or shop, thereby provid 
ing information to customers or passengers both inside 
and outside the shop, train or the like. 

2. Description of the Prior Art 
A head-up display system (referred to a HUD herein 

after) is an apparatus for use in a cockpit of an aircraft 
or in other various ?eld. By providing such a HUD for 
example in a cockpit in an aircraft, it becomes possible 
for a pilot to con?rm necessary information without 
turning his eyes from his operating direction to a dash 
board direction. Such a HUD has been proposed in the 
prior art and reference may be made to US. Pat. No. 
3,737,212 in 1973 and US. Pat. No. 4,218,111 in 1980 for 
a better understanding of such proposals. On the other 
hand, for increment of optical ef?ciency of a light 
source and combiner in a HUD, as is described in the 
“DIFRACTION OPTICS HEAD-UP DISPLAY 
TECHNOLOGY,” reported by MARTIN WEII-I 
RAUCI-I and ROBERT A. L OHMANN, SID 80 DI 
GEST, there is utilized a light source emitting green 
light with a sharp spectral distribution together with a 
combiner which has a high re?ectivity with respect to 
this green light and which attenuates green light from 
the external view, thereby improving the brilliancy or 
de?nition of a picture of image data developed on the 
combiner in a HUD with enhancement of ef?ciency in 
association with the quantity of light. 
However, in such a conventional HUD, there is pro 

vided a display of image data necessary for the operator 
superimposed on the real world scene in the pilot’s 
forward visual ?eld. That is to say, the image data is 
combined with the data of the external view in the 
forward direction of the pilot, and the combined image 
data can be seen using the two eyes of the observer 
alone. There is no idea, in the conventional HUD, that 
a plurality of image data are divided into two directions 
through a combiner so as to be individually displayed 
on the dual sides of the combiner in such a manner that 
the customers or passengers in the dual sides thereof can 
confirm the displayed picture of the image data. 

Moreover, when a picture of projected image data is 
developed on one side of the combiner based on the 
re?ection light beam re?ected by the combiner and 
another picture of the same or different image data is 
developed on the other side of the combiner based on 
the transmission. light beam transmitted through the 
combiner, both of the two pictures are respectively 
displayed on the dual sides of the combiner so as to be 
viewed by customers or passengers present in the dual 
directions with respect to the combiner, and in this case, 
the original image data of the projected image in the 
direction of the re?ection light with respect to the com 
biner must be laterally reversed for the customers to 
read the picture of the projected image correctly be 
cause the picture of the virtual image formed by the 
re?ection light with respect to the combiner is laterally 
reversed. Also, it is required to provide a total re?ection 
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2 
mirror for totally re?ecting the laterally reversed im 
age, in other words, the system must be provided with 
two series of units independent of each other for pre 
venting occurrence of a crosstalk or superimposition 
between the projected image in the direction of the 
transmission light and that of the re?ection light, result 
ing in a large scale of the system and deteriorating or 
contaminating the quality of the projected image. 

Moreover, there is another problem that, when the 
positions of the eyes of the observes in the respective 
sides of the combiner are apart from the position of the 
optical lens system of the HUD, the range of the pro 
jected image to be seen becomes narrow. Therefore, it is 
required to provide an optical lens system with a large 
aperture, resulting in increasing the cost thereof and 
being large in size thereof. 

SUMMARY OF THE INVENTION 

In order to overcome the problem mentioned above, 
the present invention has been devised, and an essential 
of the present invention is to provide a double direc 
tional image development HUD with a large angle of 
visual ?eld having characteristics of a combiner im 
proved, wherein the re?ection light beam and transmis 
sion light beam have individual spectral distributions 
separated from each other, and the same or different 
image data are displayed on the dual sides of the com 
biner at the same time so as to be correctly observed by 
the observers in the both sides of the combiner without 
any contamination due to occurrence of crosstalk be 
tween the projected image of the re?ection light beam 
and that of the transmission light beam. 

In order to attain the object mentioned above, the 
double directional image development HUD of the 
present invention includes: 

a combiner having individual spectral distributions 
perfectly separated from each other with respect to 
the re?ection light and transmission light; 

an optical projector projecting light representing a 
display of image data onto the combiner for re?ec 
tion thereby and for transmission therethrough to 
provide an observer with an image of the display; 
and 

an image reversing device for reversing at least a part 
of the image to be displayed. 

In addition, when a magni?ed virtual image is formed 
using the optical lens system which is partially com 
posed of a ?exible Fresnel lens, the peripheral portion 
of the Fresnel lens is appropriately curved or bent and 
is ?xed to a rectangular frame body for holding the lens 
system, thereby compensating for the distortion of the 
image when formed with a large angle of ?eld. 
According to a feature of the present invention, the 

spectral distribution characteristic of the re?ection and 
transmission light beams of the combiner is made identi 
cal with the spectral distribution characteristic of the 
light beams projected by the optical projector, main 
taining the best effect of separating the spectral distribu 
tions of the combiner with respect to the re?ection light 
and the transmission light, so that the individual image 
data displayed on the dual sides of the combiner can be 
respectively observed by the observers in the dual sides 
of the combiner without any contamination due to oc 
currence of crosstalk between the re?ection light and 
the transmission light. 

Moreover, on the darker side of the two sides of the 
combiner the display of the image is performed using 
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green light, so that the contrast between the displayed 
picture of the image data and the background view can 
be enhanced so as to improve the resolution or visibility 
of the image data. 
The features of the present invention which are be 

lieved to be novel are set forth with particularity in the 
appended claims. The present invention together with 
further objects and advantages thereof may best be 
understood with reference to the following detailed 
description, taken in conjunction with the accompany 
ing drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a schematic diagram showing an embodi 
ment of a HUD according to the present invention; 
FIGS. 1(b) and 1(c) are block diagrams each showing 

an image reversing device; 
FIG. 2 is a graph view showing a spectral power 

distribution of a color ?lter including a light source and 
display unit in the HUD shown in FIG. 1(a); 
FIG. 3 is a graph view showing a spectral distribution 

of re?ection light re?ected by a combiner for use in the 
HUD shown in FIG. 1(a); 
FIG. 4 is a graph view showing a spectral distribution 

of transmission light transmitted through the combiner 
of FIG. 3; 
FIG. 5 is a schematic diagram showing an example of 

a projected image in the direction of the transmission 
light in the HUD shown in FIG. 1(a); 
FIG. 6 is a schematic diagram showing an example of 

a projected image in the direction of the re?ection light 
in the above HUD; 
FIG. 7 is a schematic diagram showing an example of 

a projected image when adding a color ?lter in each of 
the lines; 
FIG. 8 is a schematic view showing an optical lens 

system composed of a Fresnel lens in a ?at condition; 
and 
FIG. 9 is a schematic view showing an optical lens 

system composed of a Fresnel lens in a curved condi 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A preferred embodiment of a HUD according to the 
present invention will be described with reference to 
FIGS. 1 to 9. 
As shown in FIG. 1(a), reference numeral 1 denotes 

a glass door or window of such as a bus, train or shop, 
and the upper portion of the glass door or window is 
rigidly attached to a lower edge of a roof member 2. A 
generally rectangular housing 3 containing optical 
means such as a light source and a display unit is ?xed 
to the lower side of the roof member 2 inside the shop, 
train or the like with its optical axis coaxially set. The 
housing 3 includes, a liquid crystal display unit (referred 
to as LCDU hereinafter) 4 of a TFT transmission type, 
a light source 5 such as a ?uorescent lamp disposed 
rearward of the LCDU 4 and further includes an optical 
unit 6 composed of a Fresnel lens and the like for magni 
fying an image displayed on the LCDU 4 to form a 
virtual image thereof. On the other hand, light beams 8 
and 9 representing the image displayed on the LCDU 4 
are transmitted through the optical unit 6 and projected 
to a combiner 7 of a perfect separation type with its 
spectral distributions perfectly separated. The combiner 
7 is bonded to an inner surface of an upper portion of 
the glass window 1, so that the light beams 8 and 9 
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4 
projected to the combiner 7 are divided into two beams, 
i.e. re?ection light beam 8' and transmission light beam 
9' in accordance with the characteristic of the spectral 
distribution of the combiner 7. That is to say, the pro 
jected image developed with green light is re?ected by 
the combiner 7 and is received by eyes E1 in the direc 
tion shown by the light beam 8', and the projected 
image developed with red and blue light other than the 
green light is transmitted through the combiner 7 so as 
to be received by eyes E2 in the direction shown by the 
light beam 9'. 
FIG. 2 shows a total spectral power distribution of a 

color ?lter of the light source 5 and TF1‘ transmission 
type LCDU 4, wherein the spectral power consists of 
the blue, green and red light. 

Referring to FIG. 3 showing a spectral distribution 
with respect to the re?ection light re?ected by the 
combiner 7, only a sharp range of green light of a wave 
length of e.g. 543 nano meters is re?ected by the com 
biner 7, while the light of the other ranges of the wave 
length than that of the green light is not re?ected by the 
combiner 7. 
On the contrary, referring to FIG. 4 showing a spec 

tral distribution with respect to the transmission light 
transmitted through the combiner 7, only the very sharp 
range of the green light of a wavelength of e. g. 543 nano 
meters is greatly attenuated, and the other light beams 
of the wavelength ranges other than that of the green 
light are all transmitted through the combiner 7. Ac 
cording to the spectral distribution characteristics of the 
combiner 7, the green light with a sharp range of wave 
length is re?ected by the combiner 7 as the re?ection 
light thereof, and the other light such as blue and red 
light with the ranges of wavelength other than that of 
the green light is transmitted through the combiner 7 as 
the transmission light thereof, thereby perfectly separat 
ing the green light beam from the the other light beams. 
Herein, the wavelength of e.g. 543 nano meters with 
respect to the green light shown in FIG. 3 is made 
coincident with that of the green light shown in FIG. 4, 
thereby improving the effect of the spectral separation 
of the combiner 7. - 

Referring to FIG. 1(a) again, it is required that the 
original image data to be displayed on the TF1‘ trans 
mission LCDU 4 should be arranged in such a manner 
that the displayed picture of the image data can be read 
correctly when they are observed with the eyes E1 and 
E2 in the re?ection and transmission directions respec 
tively. Therefore‘, only the original image data observed 
by the eyes E1 in the direction of the re?ection light 
beam 8’ must be laterally reversed as shown in FIG. 6. 
The laterally reversed image is formed by means of an 
image reversing device and is combined with the erect 
(or unreversed) image so that the combined images are 
displayed on the TF1‘ transmission LCDU 4. 
FIG. 1(b) shows an image reversing device, wherein 

there is provided a line control unit 10 for controlling 
electrical signal generators 11 and 12 for generating 
erect image data and reversed image data respectively. 
The electrical erect image signal and the electrical re 
versed image signal are respectively generated by the 
electrical signal generators 11 and 12 and both of the 
image data signals are transmitted to a mixing unit 13 for 
mixing the electrical erect and reversed image signals. 
The output signals of the mixing unit 13 are transmitted 
to the LCDU 4 through a display driving unit 14. By 
this arrangement, the image data of characters or ?g 
ures are processed every one line, and each line of erect 
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image of characters and each line of reversed image of 
characters are independently displayed on the LCDU 4 
separatedly from each other. In this example, the re 
versed image is formed by processing the signals of the 
original image data when they are transmitted to the 
LCDU 4 and the reversed image is displayed with the 
green light. 
FIG. 1(0) shows another example of an image revers 

ing device, wherein there is provided a line control unit 
20 for controlling ?rst and second electrical signal gen 
erators 21 and 22 of which the output signals are respec 
tively transmitted to ?rst and second TFI‘ transmission 
LCDUs 4 and 4' through ?rst and second display driv 
ing units 23 and 24. In this example, the image displayed 
on the second LCDU 4' having a structure similar to 
that of the TFT transmission LCDU 4 is then projected 
to a semitransparent mirror 7’ using light beams pro 
duced by a light source 5’ and the projected image is 
re?ected by the semitransparent mirror 7' at generally 
right angles, thereby forming an optically reversed 
image. The semitransparent mirror 7' has characteristics 
of enhancing the optical effect of the HUD similarly to 
those of the perfect separation combiner 7 shown in 
FIG. 1(a). 

Moreover, such a reversing device for forming a 
reversed image of characters may be constructed by 
providing another sheet of TFT transmission LCDU 
turned out. 
On the other hand, in any case, there is no need to 

laterally reverse the picture of the original image to be 
received by the eyes E2 in the direction of the transmis 
sion light beam 9' shown in FIG. 1(a). 

Next, another example of display means of the same 
type as that of the TFT transmission LCDU 4 is de 
scribed. 
FIG. 7 shows an example of display contents of an 

image displayed on the TFT transmission LCDU 4 
shown in FIG. 1(a), wherein the image data of charac 
ters and ?gures to be observed by the observers in the 
side of the reflection light beam 8' are displayed on the 
odd lines 1, 3 and 5 in the panel of the LCDU 4 with 
green light and the image data to be observed by the 
observers in the side of the transmission light beam 9' 
are displayed on the even lines 2, 4 and 6 in the panel of 
the LCDU 4 with blue light. This display means shows 
a line-division color speci?cation panel which is con 
structed in such a manner that the green light and blue 
light as shown in FIG. 2 are obtained as the total spec 
tral power distribution characteristics of the optical 
system including the light source 5 and that the green 
and blue light beams are effectively separated from each‘ 
other by the combiner 7. In other words, the green light 
beam from the light source 5 is re?ected by the com 
biner 7 so as to be received by the eyes E1 as the re?ec 
tion light 8', and the blue light beam from the light 
source 5 is transmitted through the combiner 7 so as to 
be received by the eyes E2 as the transmission light 9'. 
The resolution of a picture of image data such as 

characters or ?gures displayed on one line in the panel 
of the LCDU 4 is determined depending on the total 
number of the basic monochromatic picture elements. 
Therefore, the resolving power of the HUD using a 
monochromatic light beam can be made higher than 
that of a color television panel using basic three picture 
elements as the three primaries trio consisting of R 
(red), G (green) and B (blue) in which the resolving 
power is lowered to i compared to that of the HUD. 
Moreover, since the green pass ?lter and blue pass ?lter 
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6 
are respectively added for the individual odd and even 
lines of the panel of the LCDU 4, there is no need for 
each color ?lter mosaic to be positioned precisely on 
each picture element with its own, thereby improving 
the yield with the cost thereof lowered. . 
As described above, since the image displayed on the 

panel of the TFT transmission LCDU 4 is formed using 
a green light beam with a sharp spectral distribution of 
a wavelength of eg 543 nano meters and using another 
light beam with a wavelength other than that of the 
green light, therefore the light beams 8 and 9 projected 
from the LCDU 4 onto the combiner 7 are perfectly 
divided into two beams, i.e., the re?ection light beam 8' 
and the transmission light beam 9' both of which are 
perfectly separated from each other, thereby obtaining 
a clear projected image to be observed by the observers 
in each of the directions inside and outside the combiner 
7 without any contamination due to the occurrence of 
crosstalk. 

Next, an optical mechanism for projecting an image 
displayed on the TF1" transmission LCDU 4 in a wide 
range of the combiner 7 through a Fresnel lens 6 will be 
described with reference to FIGS. 8 and 9. 
FIG. 8 shows an optical magnifying mechanism using 

a Fresnel lens L1 as the optical unit 6. In FIG. 8, an 
image II with its tip portions A1 and B1 displayed on 
the TFT transmission LCDU 4 shown in FIG. 1(a) is ‘' 
magni?ed through the Fresnel lens L1 so as to obtain a 
magni?ed virtual image V1 with its tip portions A1’ and 
B1’, so that the magni?ed virtual image V1 can be seen 
by eyes E3 of an observer present in an off-center posi 
tion from the optical axis X of the Fresnel lens L1. FIG. 
8 shows that, since the position of the eyes E3 is far 
from the Fresnel lens Ll, the aperture of the Fresnel L1 
is seen to be relatively so small that the tip A1’ of the 
virtual image V1 is out of the visual ?eld from the posi 
tion of the eyes E3. 
FIG. 9 shows a preferred example of an optical mech 

anism using a modi?ed Fresnel lens L2 of which the 
peripheral portion is appropriately bent. As shown in 
FIG. 9, the peripheral portion of the Fresnel L2 is ap 
propriately bent, wherein the bending amount thereof is 
adjusted by a cut-and-try method so as to decrease the 
refractive power of lens, thereby refracting the optical 
path in such a manner that the focal length of the Fres 
nel lens L2 is made longer than that of the Fresnel lens 
L1 of a ?at type. By modifying the peripheral portin of 
the Fresnel lens L2 as described above, even in the case 
where the magni?ed virtual image V2 with its tip por 
tions A2’ and B2’ of the image I1 with its tip portions 
A1 and B1 is seen from a position of E3 in a wide angle 
of ?eld, the tip portion A2’ of the virtual image V2 can 
be prevented from being out of the visual ?eld. 
As described above, according to the preferred em 

bodiment of the present invention, by constructing a 
perfect separation type combiner 7 with its re?ection 
and transmission spectral distribution as shown in 
FIGS. 3 and 4, it is possible to develop individual pro 
jected images independently on both sides of the com 
biner 7 without any contamination due to occurrence of 
crosstalk. Moreover, by developing a projected image 
using a green light beam on one side of the combiner 7 
having the lower illuminance among the two sides of 
the combiner 7, it becomes possible to develop a clear 
image with high visibility. In addition, by using a mono 
chromatic TFT transmission LCDU 4 and by coloring 
the light beams through a color ?lter, it becomes possi 
ble to display an image with higher de?nition or quality. 
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7 Furthermore, by using a Fresnel lens L2 as the optical 
unit 6 and by bending the peripheral portion of the 
Fresnel lens L2, it becomes possible to develop a pro 
jected image in a wide angle of ?eld. 

In addition, in the preferred embodiment of the pres 
ent invention, although the separation between the 
erect image and the laterally reversed image is per 
formed by utilizing the spectral distribution characteris 
tics of the combiner, the separation can be performed by 
utilizing a polarization characteristics or holography. 
As described above, according to the present inven 

tion, by utilizing the perfect separation characteristic of 
a combiner used in a HUD, a plurality of image data 
displayed on the LCDU are separated into two direc 
tions, i.e. inside and outside of the combiner, so that a 
display of clear projected image can be provided to the 
customers both inside and outside a shop or the like 
without any contamination due to occurrence of cross 
talk between the re?ection light and the transmission 
light. 
What is claimed is: 
.1. A double directional image development head-up 

display system comprising: 
a combiner having its individual spectral distributions 

of re?ection light and transmission light perfectly 
separated from each other; 

an optical projector including a light source and dis 
play unit; for projecting light beams representing a 
display of image data onto said combiner for re?ec 
tion thereby and for transmission therethrough to 
provide observers with a developed image of the 
display; and 

an image reversing means for reversing at least a part 
of the image to be displayed on the display unit 
with the re?ection light, whereby the same or dif 
ferent image data are developed on the dual sides 
of the combiner at the same time so as to be cor 
rectly observed by the observers present on both 
sides across the combiner. 

2. The head-up display system according to claim 1, 
wherein the development of an image projected from 
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8 
said optical projector onto one side of said combiner 
having the lower illuminance among the two sides 
thereof is performed using green light. 

3. The head-up display system according to claims 1 
or 2, wherein the contents of the image displayed on 
said display unit in the optical projector are developed 
in blocks of each line on said combiner, the display 
contents displayed on the front side of the combiner and 
those displayed on the rear side of the combiner being 
developed on the odd lines and even lines alternately 
with the re?ection light and the transmission light re 
spectively. 

4. The head-up display system according to claim 3, 
wherein said optical projector is provided with two 
kinds of color filters for respectively coloring light 
passing therethrough with two different colors, the 
lines of the image to be developed on the front side of 
the combiner and the lines of the image to be developed 
on the rear side of the combiner being respectively 
colored with said two different colors of light through 
said two kinds of color ?lters. 

5. The head-up display system according to claim 1, 
wherein the image displayed on the display unit in said 
optical projector is a monochrome image, wherein the 
image to be developed on the front side of the combiner 
and the image to be developed on the rear side of the 
combiner are respectively colored with different colors 
of light through one or more color ?lters provided in 
said optical projector. 

6. The head-up display system according to claims 1 ' 
or 2, wherein said optical projector includes a 

7. The head-up display system according to claim 3, 
wherein said optical projector includes a Fresnel lens 
with its peripheral portion bent to develop a projected 
image in a wide angle of ?eld on the combiner. 

8. The head-up display system according to claim 4, 
wherein said optical projector includes a Fresnel lens 
with its peripheral portion bent to develop a projected 
image in a wide angle of ?eld on the combiner. 
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